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INtrODUCtION
Nowadays, navigations on modern cruise ships are considerably increasing [1] . We are witnessing changes in their size and capacity that is often over several thousand including passengers and crewmembers and in their navigational areas that tend spreading to remote areas. This may raise new sanitary/health issues because most of these remote regions offer difficult access and complicated sanitary evacuation process. A striking example is the polar circle that became over the past decade a prized destination for several touristic cruises [2, 3] ; this includes the southern and northern polar circles as well as the Northwest Passage that global warming has opened to navigational [4] [5] [6] [7] . In addition, such cruise ships may encounter rough sea and climatic conditions far from the coastline, especially during transoceanic sailings jeopardising the immediate assistance of their passengers. Among them, while all the age groups are represented, there is often a high number of elderly [8] [9] [10] who present a higher risk of developing pathologies [11] . Therefore, different pathologies as well as emergencies can occur during these journeys and the physician and nurse have to be better prepared to manage them to provide the best care to the persons on board. To ensure the quality of care on board French ships, a specific medical supply must be closely followed. Several retrospective studies investigated illnesses and injuries occurring among cruise ships passengers [8, 10, 12] and to the best of our knowledge, only one prospective study that monitored the whole population on board was conducted during a world cruise [13] . Some of them mainly focused on respiratory and digestive infections, which are the most commonly occurring on cruise ships. Therefore it is important to provide more epidemiologic data to improve the quality of the health management on board and our study aimed to assess the prevalence of pathologies encountered on the whole population of a cruise ship navigating in remote areas.
MAtErIALs AND MEtHODs
This prospective observational, descriptive and cross-sectional study was conducted on the whole onboard population of a small cruise ship (length: 466 feet, beam: 59 feet, tonnage: 10,700 and 6 decks), with an overall capacity of 200 to 264 passengers per cruise, occupying 132 cabins, and 140 (± 5) crewmembers. For expedition cruises in Arctic and Antarctic territories, the number of passengers was limited to 200. The onboard population was international. The crewmembers were principally French, Indonesian, Filipino, Romanian, Mauritian, and Bulgarian.
The study was performed by the onboard physician during his two embarkations, respectively from the 14 th of June 2014 to the 3 rd of October 2014, and from the 14 th of October 2014 to the 14 th of January 2015. Between these two periods of evaluation, the ship was in technical stop without passengers and medical team on board, and at with least half of the crew ashore.
The navigation area was estimated as being remote areas as it was accomplished in Antarctica and Arctica, including North-South navigations to reach these polar territories. It covered over several thousand nautical miles across 9 oceans/ /seas. The ship spent 1 month around the Baltic Sea and then sailed across the Arctic Polar Circle during 2 months, starting from Tromso in Norway, to reach Quebec in Canada on the 18 th of September. The ship sailed south to the Caribbean Sea, throughout the Panama Channel and sailed down along the coast of South America to reach Ushuaia in Argentina on the 15 th of November. From that moment on and until the 14 th of January 2015, the ship (after departure from Ushuaia) sailed across the Drake Passage to reach successively: Falkland Islands, South Georgia and the Antarctic Peninsula. Thus the longest time at sea was 15 straight days in the Southern Polar Seas (see the ship navigation map - Fig. 1 ).
All the different types of onboard consultations were included in the database; independently of the localisation (hospital, cabin, common areas of the ship as well as during the ashore excursions) and timing they were performed. Consultations by crewmembers that occurred during the two positioning of the ship (that lasted 7 days) were including despite this manoeuvre was realised in absence of passengers. Finally, consultations conducted solely by the nurse were not included in the study. Overall, the medical staff on board comprised one physician and one nurse (two different nurses in two embarkations). The study focused on the first consultation of the physician to avoid selection bias by artificially increasing the prevalence of a pathology that requires daily medical follow-up. Therefore, follow-up consultations were excluded from the database that was built daily from the medical file at the end of the day. The medical files were collected for crewmembers and passengers in two distinct and comparable databases with identical variables and subjected to statistical analyses after completion of the cruise. A clear distinction between the "reason" (the symptoms resulting in medical consultation) and the "result" (physician's diagnosis at the end of the consultation) of the consultation was done. Since for each patient the medical examination could result in several putative diagnoses the database includes an unequal number of patient and "consultation results" with a higher number of diagnoses than registered patients.
Each symptom and diagnosis was recorded in a verbatim quote and was next coded according to the "International Classification of Primary Care, 2 nd edition" (ICPC-2) [14] . The ICPC-2 is divided into 17 chapters and 7 components. To focus on the confirmed diagnoses, we had to exclude from the study the overall component "Symptoms and complaints". Nevertheless, the particularity of the navigation area in polar region imposed to take in consideration the component "A02, Chills" for hypothermia cases. In the chapter "General and unspecified", diagnoses from the component "Other diagnoses" were excluded because they referred to occupational medicine, public health, or neonatal medicine, with the exception of the following two items: -"A92, Allergy", to include any general allergy and anaphylactic shock; -"A96, Death", to include any death on board.
We also codified seasickness by "N99, Neurological disease, other" because the digestive symptoms of seasickness due to vertigo result from a disorder between vision and the inner ear [15] and the ICPC-2 proposes neurological coding for vertigo. In our database, the coding "N99" identifies only seasickness cases.
stAtIstICAL ANALysIs
For statistical analysis, the quantitative data are expressed as mean ± standard deviation and qualitative data as percentages. The percentages were compared using a c 2 test corrected according to the Yates' method or by a Fisher test when appropriate. A p value of less than 0.05 was considered as statistically significant.
rEsULts
Data collection took place over a period of 6 months and 3 weeks during the 205-day trip achieved in 19 cruises and 2 ship positioning. During the full cruise duration, 6640 people, including 3698 passengers and 2942 crewmembers, embarked on board. The number of initial consultations was 910 accounting for 13.7% of the people on board. Among them, we selected 702 medical consultations according to the criteria described in the 'Materials and methods' section (312 for the passengers and 390 for the crew members). This number represents 10.6% of all the incoming persons identified in the official list of the cruise line and more specifically 8.4% of passengers and 13.25% of crew members (p < 0.0001). Out of them, a total of 446 diagnoses were analysed in the present study: 222 for the crewmembers and 224 for the passengers (Fig. 2) . The median age was 68 (age ranging from 12 to 90) years for passengers and 31 (18-62) years for the crew. Overall, the median age was 44 years . The sex ratio (male/female) was 0.98 for passengers and 3.23 for crewmembers. The whole population had a sex ratio of 1.81.
Most of the common illnesses on board were infectious pathologies (Table 1 ) with a prevalence of 43.7%. Among them, respiratory infections were predominant (prevalence of 63.6%). Upper respiratory infections were the main diagnosis in the whole population. The respiratory diseases comprised the most common diagnosis with a prevalence of 28.7% (Table 2) .
Cutaneous pathologies were the second most frequent medical problem encountered on board (prevalence of 22.6%). They were significantly more frequent among crewmembers (Table 2 ). In addition, skin diagnoses, unrelated to the components "Infections" and "Injuries" of the ICPC-2, were much more prevalent in the crew than in the passengers: the prevalence was of 21.1 and 6.8, respectively (p = 0.006). Indeed, it is worth noting that atopic and contact dermatitis was the second most frequent diagnosis for crewmembers (Table 3) . Table 4 shows the first 10 diagnoses for the passenger population.
Although cardiovascular diseases were only part of the "Other diagnoses", they represented 4% of the onboard diagnoses and were significantly more common in passengers. The arterial hypertension was the main diagnosis. Two cases of phlebitis were diagnosed and treated on board, one of which was confirmed by an ultrasound examination performed on land. A stroke was diagnosed in a passenger who experienced sudden onset dysarthria during a sport session. It required a medical evacuation to the Lunenburg Emergency Department in Canada, Nova Scotia. One case of subacute heart failure secondary to pneumonia and one case of cardiac angina were also diagnosed.
Traumatic injuries resulting in accident reports tend to be more frequent in passengers, although the number of traumatic injuries reported among the crew was not statistically different. The majority of these cases were cutaneous Figure 2 . Flow chart summarising the path of selection of passenger and crewmember consultations included in the study; CS -consultations; Pax -passengers, Crew -crewmembers traumas, with an overall prevalence of 76.5% (68.4% for passengers; 88.5% for crew members; p = 0.12). Most of them consisted in basic skin wounds. Though, a case of grade 2A burn in both hands occurred in a crewmember during navigation to Spitzbergen. Musculoskeletal traumas were also more common in passengers. Their prevalence was of 26.3% for passengers and 3.8% for crewmembers (p = 0.04). The mild sprains predominated. The proportion of other traumas was not high enough to emerge in the first 10 diagnoses. Finally, some fractures happened ashore. A 57-year-old female passenger had a fracture of the upper end of the femur following a fall that happened ashore because of violent gusts of wind in Puerto Natales, Patagonia. A fracture of lower end of the tibia occurred in a 51-year-old female passenger during the Shackleton walk, which is a strenuous expedition in the mountains of South Georgia. A dislocation of the inter-phalangeal joint was reduced ashore during an expedition walk in the Nunavut, Canada. Ranked 4 th for the crewmembers and 9 th for the passenger, the mouth and dental diseases had a prevalence of 4.9% and 1.8%, respectively (p = 0.07). These included acute periodontitis, acute pulpitis caused by tooth decay and cases of dental fractures.
Gastroenteritis that is a frightening condition on ships seemed to be more frequent in passengers than in crewmembers, who are usually aware of preventive measures that are emphasized and enforced on board (11.5% vs. 5% of the infectious diagnoses), but the difference was not statistically significant (p = 0.10). One case of presumed bacterial gastroenteritis was diagnosed in one member of the crew coming from the Philippines. Nevertheless, it turned to be complicated by an allergic angioedema due to self-medication with non-steroidal anti-inflammatory drugs.
The most serious medical emergency was an acute gastrointestinal haemorrhage leading to repetitive loss of consciousness and bloody stools due to a duodenal ulcer experienced by one crewmember, while the ship was sailing through the Antarctic Peninsula. It required a medical evacuation from the Chilean Frei Station on King Georges Island, South Shetland, to save the patient.
The ophthalmologic issues were responsible for few consultations; however, eye diseases seemed to affect preferentially crewmembers, mainly affected by infectious diseases of the ocular appendages. A presumed bacterial keratitis evolving towards a corneal ulcer appeared in a crewmember during navigation to Antarctica on the Drake Passage. It was cured under local antibiotic therapy.
Finally neurological pathologies were significantly more frequent in passengers and included cases of seasickness. An epileptic seizure secondary to benign brain lesions occurred in one passenger.
DIsCUssION
Several parameters depending of the cruise duration and navigation area may come into play to outline the medical practice on board. Contrary to the present prospective study carried out on board a cruise ship during a sailing cruise around the world, with several stops [13] , the previous reports were retrospective studies, based on data collected from the medical files of several cruise ships and focused on the passenger pathologies [8, 10, 12, 16] . Herein, we studied the different pathologies encountered by the onboard population integrating passengers as well as staff, to better reflect the medical activity and the health status on an expedition ship in remote areas. Our work is based on the International Classification in Primary Care, 2 nd version [14] . This classification was used for the following three reasons: 1) the ship doctor, study investigator, had previously been trained to its practice for the study ECOGEN Respi [17] (consultations coding by ICPC-2) (16); 2) the use of ICPC-2 is efficient and facilitates data retrieval; 3) all medical specialties encountered in primary care and emergency medicine are represented. Therefore it seems the best suitable choice for the practice of medicine in remote area where emergencies and primary care are encountered. First, it is worth noting that, compared to previous studies, the prevalence of seasickness in the present study may seem low [10, 12] . This is certainly due to our criteria of inclusion. Indeed, most of the cases of seasickness were managed by the nurses and nurse consultations were not included in the study. Moreover, some drugs against seasickness were in open access at the ship reception.
As previously described, respiratory and digestive viruses including easily person-to-person transmitted viruses were still frequently encountered medical problems [8, 9, 18, 19] . Contaminated passengers before embarking as well as crewmembers infected during stops ashore are vectors of such infectious agents on board [18] . It is an identified but still major health concerns in cruise trip, which is difficult to counteract despite sanitary measures on board because the spread of viral infection can be extremely striking due to the close and frequent interactions between people [20, 21] . This particularly refers to crewmembers, who are often four per cabins and therefore are more likely to become infected. In the present study, the prevalence of gastroenteritis complaints, which is mainly driven by norovirus [19, 22, 23] , was low. According to the navigation area, the ship is subject to strict health inspections requiring the physician to notify all gastrointestinal infection and to respect cleaning protocols in case of outbreak. Each case is recorded in a specific register and managed according a specific policy including the patient isolation for 24 to 48 hours and cabins disinfection [19, 23] . The gastrointestinal infections have often a worst outcome in the elderly leading to acute dehydration with fluid and electrolyte deficits evolving towards Mathieu Carron et al., Cruise ship pathologies in remote regions an acute renal failure [21, 24] . Moreover, the occurrence of such conditions can be amplified by seasickness-induced iterative vomiting [25] .
Aboard, the incidence of cardiovascular diseases was higher in passengers due to their older average age. They occurred in patients with past medical history whose chronic pathologies may decompensate on board, often due to viral opportunistic infections, benign in a healthy person [18] . In addition, it is known that the ship's navigation areas have a direct impact on the risk of cardiovascular decompensation and large temperature fluctuations increase the occurrence of death. It is known that exposure to extreme cold increases the risk of cardiovascular diseases and cardiac arrest but also the risk for person with chronic obstructive pulmonary disease [26] [27] [28] [29] .
The importance of having access to passengers medical files before the cruise is necessary to prevent at best any medical decompensation. This may be even more important when the medical decompensation may potentially evolve to a condition requiring sophisticated medical care and/or urgent evacuation while navigating in polar areas outside helicopter range or in areas where it could be extremely difficult because of the arid climate. In our study, half the time, the ship was sailing on polar and remote areas. Climatic factors (strong wind and gusts, extreme cold and freezing), accessibility depending on sea ice conditions, runway availability, remoteness and obscurity, are limitations to a successful evacuation which may, therefore, be delayed for several days [2, 30, 31] . Norway has set up an airborne medical evacuation system from Svalbard (Spitzbergen) to Tromso on the mainland. Flights last more than 3 hours and are weather-dependent [4] . Medical evacuations in remote areas require an international coordination between various actors. During the time of our study, the effectiveness of the evacuation of a crewmember from the Antarctic Peninsula was appreciated [32] . An intense cooperation was performed between the French ship, the Chilean Frei Station and the Argentinian Air Force who flew to Rio Gallegos in Argentina. In 1979, one patient had also been evacuated from Antarctica due to gastrointestinal bleeding. This cooperation between the main actors had enabled the success of the evacuation [33] .
Therefore, some effort should be dedicated to medical prevention before embarkation to avoid medical evacuations as much as possible. Moreover, in medical evacuation, the physician's role and responsibility are crucial. Such decision will obviously affect the cruise progress. While the physician on longer voyages must be prepared to handle this type of emergency, in agreement with the captain, we therefore believe that he should be allowed to deny boarding to any person with a compromised health condition jeopardizing safety on board, that may lead to a lethal situation.
Fortunately, in our study, no case of death was noticed while the risk was prominent in 2 patients who required a medical evacuation: 1 case of pneumonia with heart failure in a 91-year-old passenger during a cruise in the Chilean Fjords and 1 case of acute gastrointestinal haemorrhage during navigation in the Antarctic Peninsula. Our results confirmed the observation of previous studies showing that death on board is a rare event. No death was reported in Dahl's study in a 106-day voyage with 4244 patients [13] . Schutz's investigation reported one single death in 2366 passengers and out of 680 consultations during 26 Antarctica voyages [12] . Four deaths out of 1547 consultations were recorded in a study conducted on 19 voyages through the Caribbean sea (3627 persons aboard) [16] and 15 deaths out of 196,171 passengers in a retrospective work based on data regarding 172 cruises of an average length of 7.8 days aboard four cruise ships [8] .
While it should surely be helpful to have access to copies of the medical files of the passengers, it is mandatory for the crewmember to possess a medical certificate for service at sea. It is interesting to note that dental diseases don't seem to prevent from obtaining such a certificate. In our study, the majority of crew has a low socio-economic status, often originating from the Philippines, Indonesia or Mauritius with a difficult access to health care in their country of origin. Therefore it is not surprising that the prevalence of dental disease were more prevalent (4.9%) among them than in the passengers (1.8%). The overall prevalence of 3.4% for the all population underlines the importance of not disregarding these dental pathologies that are mainly infectious and for which an evolution to an acute focal infection (such as cellulitis, phlegmon, abscess formation) that could evolve towards septicaemia and, rarely, endocarditis may be anticipated [34] . Accordingly, dental symptoms, such as acute pain or swelling, seriously alter the daily quality of life of passengers and crewmembers [1] . Therefore, some knowledge in dentistry would be very useful to the doctor to mitigate dental risks and alleviate suffering of the patient.
Finally, we observed a quite low prevalence of trauma that was similar to that of previous studies [8] [9] [10] 12] . The ship operates in a constantly moving environment that movement depends on the sea conditions, which can be rough especially in the southern seas. It results in a greater risk of falls than on land; especially for passengers and elderlies who are not used to the ship movements and often have sensory impairment (disturbances in depth perception and contrast sensitivity are one of the risk factors) [35] . Landings ashore can occur over uneven ground, which increases the risk of accidental falls and traumas. Although it may seems intuitive that the risk may be greater for crewmembers working in a harsh environment, such as the engine room, the prevalence of traumas in this population was low. This can be explained by the strict compliance to safety instructions, wearing of helmets and safety shoes during work, reminding the importance of the onboard safety procedures.
CONCLUsIONs
Maritime medicine offers a rich and interesting medical practice for physicians as it integrates several fields of medicine and it proposes different types of doctor-patient relationship for the passengers and the crew. Indeed caring out the medical follow-up, especially of the staff, could lead to more familiar interaction, while providing emergency primary care in difficult conditions is also expected. This underlines that the physician should not only demonstrate professional (e.g. general medicine) competency but also acquire a broad range of personal skills that encompasses empathy, communication, time-management and decision-making. While the patient should perceive him as their "family physician", the ship's doctor will also have to face many responsibilities that are specific of cruise ship, especially regarding chain-ofcommand and procedure of emergency evacuation.
Therefore, it should be helpful to improve such skills, particularly on maritime subjects, through specific maritime medicine training. For instance, dental cares and outpatient surgery should be taught to ship's doctors before embarkation, as it was done for those who committed themselves to the French Southern and Antarctic Territories. In conclusion, the results of our epidemiological work should stimulate the development of medical protocols for ships lacking physician, on which the captain is responsible for medical care, describing the management of the pathologies we identified as the most frequently on board.
rEFErENCEs
